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© In a record medium wherein information is re- 
corded and/or erased by changing the optica] state 
thermally by the irradiation with a laser beam or the 
like, a protection layer made from a material having 
a larger thermal conductivity than adjacent protection 
layers is used to decrease the temperature differ- 
ence between the center and edges of a record 
mark on recording and/or erasing with a laser beam. 
By using the material having a larger thermal con- 
ductivity, the heat due to the irradiation with a laser 
beam or the like is diffused not only to the periphery 
of the substrate, but also to the plane of the sub- 
strate surely. Therefore, the temperature difference 
between the center and the edges in a mark on 
irradiation with the laser beam is decreased, and the 
recording/erasing characteristics and the power mar- 
gin for erasing can be improved. 



Fig 2 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to an optical e 
record medium which can record or erase informa- 
tion of a targe capacity at a high density whh use 
of a laser beam or the tike. 

Description of the Prior Art jo 

A write-once type disk is known as an optical 
record memory, and it comprises a material which 
can transform from the crystalline phase to the 
f amorphous phase such as TeO* (0 < x < 2X3) is 
having Te and TeCfc as main components. In such 
an optical record memory, a data is written ther- 
mally by irradiating the optical disk with a laser 
beam or the like. 

Further, a write erasable disk wherein informa- 20 
tion can be recorded and erased repeatedly has 
also been used practically as an optical record 
memory. Such a write erasable disk can record 
information by changing a mark point in a record 
thin film to the amorphous state with a laser beam 25 
to heat, melt and cool rapidly the record thin film, 
while it can erase information by changing e mark 
point in the record thin film to the crystalline state 
with a laser beam to heat end cool gradually the 
record thin film. Materials which can transform re- so 
versibly between the crystalline phase and the 
amorphous state are used for such e record thin 
film, and they include a chalcogenide material 
Get5TeaiS2 by S. R. Ovshinsky and the Eke, and 
AsaSa, AssSea. SfeSe* and the like which are 35 
combinations of a chalcogen element with another 
element in group V such as As or in group (V such 
as Ge in the periodic table. An optical disk can be 
produced by forming such a record thin film on a 
substrate having grooves for guiding a laser beam. 40 
In order to record or erase information in such an 
optical disk with a laser beam, the record thin film 
is crystallized at first Then, the Intensity of a laser 
beam focussed at diameter of about 0.5 urn on the 
rotated disk is modulated for irradiation in cor- 45 
respondence to information, so that the tempera- 
ture of a point irradiated with the laser beam at a 
peak power is increased above the melting point of 
the record thin film and is cooled rapidly. Thus, the 
information is recorded as an amorphous mark. « 
Further, the temperature of a point irradiated at a 
bias peak power rises above the crystallization 
temperature of the record thin film, so that the 
information recorded previously can be erased or 
an overwrite is possible. « 

As explained above, the temperature of the 
record thin film can be risen with a laser beam 
above the melting point or above the crystallization 



point Therefore, heat-resistant dielectric layers are 
generally provided above and below the record thin 
film as protection layers for the substrate and for 
an adhesive layer. Because the characteristics of 
temperature rise, rapid cooling and gradual cooling 
vary with the thermal conduction characteristic of 
the protection layers, the recording and erasing 
characteristics depend on the materials selected 
for trie protection layers. 

As shown in Fig. 1, grooves 31 are provided in 
an optical disk and record marks 30 are formed 
along the grooves with a laser beam thermally. In 
the above-mentioned optical disks of the write 
erasable type and of the write once type, informa- 
tion can be recorded by rising the temperature of 
the record thin film above the melting point to 
transform the record thin film to the amorphous 
phase end by cooling the record thin film rapidly. 
On Irradiation of a laser beam along a groove 31 to 
form a record mark 30, a temperature difference 
exists between the center line 32 and an edge 33 
in a record mark 31 In the record mark 30. Then, if 
the power of the laser beam for erasing is small, 
the temperature of the edges 33 may not rise 
above the melting point and the edges 33 may be 
remained not to be transformed in the amorphous 
state. Then, a large recording power is needed for 
recording a mark, and the sensitivity of optical disk 
becomes worse. 

Further, in a write erasable optical disk, in- 
formation can be erased by rising the temperature 
above the crystallization temperature. If the power 
of the laser beam for erasing is small, the tempera- 
ture of the edges 33 may not rise above the 
crystallization point and the edges 33 may be 
remained not to be erased. If the erasing power is 
increased for erasing the record mark 30 com- 
pletely, the temperature difference increases and 
the temperature of the center line 33 increases. 
Thus, it Is a problem that the margin of erasing 
power becomes narrow. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
an optical disk having improved recording and/or 
erasing characteristics. 

In an aspect of the present invention, an optical 
record medium comprises a first protection film, a 
second protection film, a third protection film, a 
recording thin film, a fourth protection film, a fifth 
protection film, a sixth protection dm and a reflec- 
tion layer, these layers being applied to a plane of 
a transparent substrate successively. The second 
and fifth protection films are made from a material 
having a larger thermal conductivity ftan that of the 
adjacent protection films. Either of the second and 
fifth protection films may be omitted. The protec- 
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tton films having a larger thermal conductivity are 
used to decrease a temperature difference between 
the center end an edge of a mark on Irradiation of 
laser beam or the tike. In other words, the heat due 
to the Irradiation with a laser beam or the like is 
diffused not only to the periphery of the substrate, 
but also to the plane of the substrate surety. Be- 
cause the temperature difference between the cen- 
ter and an edge of a record mark decreases, the 
recording/erasing characteristics and the power 
margin for erasing can be Improved and an optical 
record medium has a stable characteristic and a 
wider erasing power margin. 

An advantage of the present invention is to 
provide an optical disk having an improved record- 
ing characteristic. 

Another advantage of the present invention is 
to provide an optical disk having a large erasabllity 
and a wide erasing power margin. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects and features of the 
present invention will become dear from the follow- 
ing description taken in conjunction with the pre- 
ferred embodiments thereof with reference to the 
accompanying drawings, and in which: 

Fig. 1 is a partial schematic view of an optical 
information record medium; 
Rg. 2 is a partial sectional view of an optical 
information record medium of a first embodi- 
ment of the present invention; 
Rg. 3 Is a partial sectional view of a second 
embodiment of an optical information record 
medium; and 

Rg. 4 is a partial sectional view of a third 
embodiment of an optical information record 
medium. 



DETAILED DESCRIPTION OF THE PREFERRED 40 
EMBODIMENTS 



Referring now to the drawings, wherein like 
reference characters designate like or correspond- 
ing parts throughout the several views, embodi- 
ments of the present invention will be explained 
below. 



Embodiment 1 

Rg. 2 shows a write erasable disk of a first 
embodiment of the present invention schematically, 
wherein a reference numeral 1 denotes a disk 
substrate made of polycarbonate resin. The disk 
substrate 1 may be a resin substrate having 
grooves for guiding a laser beam, a glass substrate 
having grooves formed wtth the pftotoporyrneriza- 
tion process or a substrate having grooves formed 
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directly on a glass plate. A reference numeral 2 
denotes a first protection layer of about 70 nm 
thickness made of a^telectric material of a mixture 
of ZnS and S1O2. A reference numeral 3 denotes a 
second protection layer of about 40 nm thickness 
made of a material S1O2 having a higher thermal 
conductivity than the first protection layer and a 
third one. A reference numeral 4 denotes the third 
protection layer of about 5 nm thickness rrxde of a 
dielectric material of a mixture of ZnS and SiQ2. A 
reference numeral 5 denotes a record thin film 
made of a Te-Ge-Sb alloy. Its composition has "g* 
« 2.0 and "b" = 0 wherein "g" denotes the mol 
ratio of GeTe/S baTea and "fa" denotes the mol 
ratio of S&TSBjTea, that is, the composition is 
(GeTehCSbjTea). The thickness of the record thin 
film 5 is about 45 nm. A reference numeral 6 
denotes a fourth protection layer of about 5 nm 
thickness made of a dielectric material of a mixture 
of ZnS and S1O2- A reference numeral 7 denotes a 
fifth protection layer of about 40 nm thickness 
made of a material SiOfe having a higher thermal 
conductivity than the fourth protection layer and a 
sixth one. A reference numeral 8 denotes the sixth 
protection layer of about 170 nm thickness made of 
a dielectric material of a mixture of ZnS and SiQ a. 
A reference numeral 9 denotes a reflection layer of 
about 60 nm thickness made of aluminum. A refer- 
ence numeral 11 denotes a protection plate made 
of polycarbonate resin and it is adhered to the disk 
substrate 1 with an adhesive layer 10. A reference 
numeral 12 denotes a direction of laser beam. 

A ratio of Si02 in the ZnS-SiOz mixture films 
as the first, third, fourth and sixth protection layers 
2, 4, 6, 8 is selected to be 20 mol%. In general, 
ZnS-SKfe films are prepared with vacuum deposi- 
tion or sputtering, and sputtering is used in the 
present and other embodiments. 

in the structure illustrated in Rg. 2, recording, 
erasing and reproduction are performed by irradiat- 
ing the record thin film 5 with a laser beam 12 in 
the direction of the arrow 12 at an intensity of the 
laser beam modulated in accordance to the data on 
recording, erasing and reproduction and by detect- 
ing the reflection light In the optical disk, appro- 
priate modulation values are realized for a dif- 
ference of the reflection fight between different 
states, for a change in reflectance and tor a dif- 
ference of absorption rate between a non-recorded 
region (usually in the crystalline state) and a record 
mark region (usually in the amorphous stats). The 
absorption rate of the crystalline state is 713 %. 
while that of the amorphous state is 703 %. Fur* 
ther, the difference of reflectance Is 17.2 %. 

The overwrite characteristic of the disk of the 
present embodiment of 130 mm of outer diameter 
Is measured at 4,930 rpm of revolution for signals 
of fl = 16 MHz and f2 ■ 533 Mhz. An overwrite 
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is performed with a laser beam of a circle spot of 
about 1 urn by modulating between a nigh power 
level of 22 - 24 mW and a low power level of 9 - 13 
mW. The recording and erasing are performed with 
an overwrite process, that is, an amorphous mark is 
formed at the high power level, while a crystalline 
mark is formed at the low power level. The result 
shows that the C/N (cerry-to-noise) ratio of record 
signal is 50 dB or larger. As to the erasing char- 
acteristic, erasing cyde characteristic of 1 GO ,000 
times or more can be realized for the erasabtlity of 
24 dB or larger. These data means that the optical 
disk can be used practically. Further, the wide 
erasing power margin ts realized. 

The composition of the record thin film 5 may 
have a following value of "g" which denotes the 
mol ratio of GeTe/SbaTea: 1.0 £ g * 2.5; and a 
following value of "b" which denotes the mol ratio 
ofSb/SfcTeaiO.O* bS0.5. 

Further, the thickness of the record thin film 5 
is selected between about 30 and SO nm. If the 
thickness is smaller than 30 nm, the signal am- 
plitude becomes small, while if the thickness is 
larger than 50 nm, the sensitivity of the disk be- 
comes tow because the laser power to heat the thin 
film 5 for the phase transformation has to be en- 
hanced. 

The thicknesses of the second and fifth protec- 
tion layers 3, 7 are selected between 30 and 50 
nm. If the thickness is smaller than 30 fim, the heat 
is hard to be diffused in the plane directions and an 
advantage to diffuse heat in the plane directions 
becomes smaller. If the thickness is thicker than 50 
Um, the protection layers 3, 7 are cooled too 
rapidly and the laser power has to be increased. 

The second and fifth protection layers 3 and 7 
made of a material having a larger thermal con- 
ductivity may be made of AIN, Ah 03, SiC or TaaOs 
other than SiOz. 

The mol ratio of SiOs In the ZnS-SCfe mixture 
films of the first third, fourft and sixth protection 
films 2, 4, 6, 8 is selected between 5 and 40 %. H 
the mol ratio is smaller than 5 %, an advantage of 
the mixing to decrease grain sizes becomes small, 
and a bad influence of noises increases. If the mol 
ratio is larger than 40 %, the thermal conductivity 
increases and the laser power for the phase trans- 
formation has to be enhanced or the sensitivity of 
the optical disk becomes worse. 

The thicknesses of the third and fourth protec- 
tion layers are selected between 2 and 10 nm. If 
the thickness la smelter than 2 nm, heat diffuses 
excessively in plane directions and this deteriorates 
the action of the second and fifth protection layers 
to diffuse heat in plane directions. On the other 
hand, cf the thickness is larger than 10 nm, the 
laser power for melting the record thin him has to 
be increased or the sensifivtty of the optical disk 
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becomes tow. 

The total sum of the thicknesses of the first, 
second and third protection layers 2. 3, 4 is se- 
lected between 105 and 130 nm, in order to realize 
that the optical absorption rate in the crystalline 
and amorphous states is 60 % or more and that a 
difference of the reflectance between the two states 
is 15 % or more. The total sum of the thicknesses 
of the fourth, fifth and sixth protection layers 6. 7, 8 
is selected between 150 - 250 nm according to the 
same reason. 

Embodiment 2 

Further, even if either of the second or fifth 
protection layer 3, 7 Is omitted, a similar advantage 
can be obtained. Fig. 3 shows a case wherein the 
second protection layer 3 is omitted. The structure 
shown in Fig. 3 is the same as that shown in Rg. 2 
except that a first protection layer 2* of about 110 
nm thickness replaces the first to three protection 
layers 2 - 4. 

tn the structure illustrated in Rg. 3, the absorp- 
tion rate of me crystalline state is 71.8 %, while 
that of the amorphous state is 70.3 %. Further, the 
difference of reflectance is 17.2 %. 

The ratio of SiOz in the ZnS-Si02 mixed film 
as the first protection layer 102 is selected to be 20 
moi%. 

The thickness of the first protection layer 102 
is selected between 105 and 130 nm, in order to 
realize that the optical absorption rate in the cry- 
stalline and amorphous states is 60 % or more and 
that s difference of the reflectance between the two 
states is 15 % or more. 

The overwrite characteristic of the disk of the 
present embodiment of 130 mm of outer diameter 
is measured similarly to in Embodiment 1. The 
result shows that the C/N ratio of record signal is 
50 dB or larger. As to the erasing characteristic, 
erasing cyde characteristic of 100,000 times or 
more can be realized for the erasabilHy of 24 dB or 
larger. Further, the erasing power margin Is re- 
alized to be wide. 

Embodiment 3 

Further, Fig. 4 shows a case wherein the fifth 
protection layer 7 is omitted. The structure shown 
in Fig. 4 is the same as that shown in Rg. 2 except 
that a fourth protection layer 6' of about 220 nm 
thickness replaces the fourth to sixth protection 
layers 8 - 8- 

In the structure illustrated in Rg. 4, the absorp- 
tion rate of the crystalline state is 71.8 %. while 
that of the amorphous state is 703 %. Further, the 
difference of reflectance is 17.2 %. 
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The ratio of S1O2 in the ZnS-SiO? mixed film 
as the fourth protection layer 106 is selected to be 
20mol%. 

The thickness of the fourth protection layer e' 
is selected between 150 and 250 nm, in order to e 
realize that the optical absorption rate in the cry- 
stalline and amorphous states is 60 % or more and 
that a difference of the reflectance between the two 
states is 1 5 % or more. 

The overwrite characteristic of the disk of the to 
present embodiment of 130 mm of outer diameter 
is measured similarly to in Embodiment 1. The 
result shows that the C/N ratio of record signal is 
50 dB or larger. As to the erasing characteristic, 
erasing cycle characteristic of 100,000 times or is 
more can be realized for the erasability of 24 dB or 
larger. Further, the erasing power margin is re- 
alized to be wide. 

The above-mentioned embodiments relate to a 
write erasable optical disk. However, a write-once ao 
type disk having structures illustrated in Rgs. 2 - 4 
can also be made similarly. A record thin film 5 
may be made from for example TeO x (0 < x < 2.0) 
having Te and TeCh as main components while 
protection layers 3. 7 may be made of S1O2. AlN, 25 
AfeOj, SiC or TaaOfe having a larger thermal con- 
ductivity than adjacent protection layers 2, 4, 6 and 
8. Thus, the thermal conductance characteristic of 
protection layers is improved, so that the recording 
characteristic is improved. so 

Although the present invention has been fully 
described in connection with the preferred embodi- 
ments thereof with reference to the accompanying 
drawings, it is to be noted that various changes and 
modifications are apparent to those skilled in the 35 
art. Such changes and modifications are to be 
understood as included within the scope of the 
present invention as defined by the appended 
claims unless they depart therefrom. 

40 

Claims 

1. An optical record medium comprising: 

a first protection film applied to a surface 
of a transparent substrate; 45 

a record film applied to said first protection 
fiim, which record film being able to transform 
from the amorphous state to the crystalline 
phase with radiation; 

a fourth protection film applied to said eo 
record film; 

a reflection layer applied to said fourth 
protection film; 

which optical record medium further com- 
prising: a pair of a second protection film to be 66 
applied to said first protection film and a third 
protection him applied to said second protec- 
tion film, which pair being interposed between 



said first protection layer and said record film; 
or 

a pair of a fifth protection film applied to 
said fourth protection fOm and a sixth protec- 
tion film applied to said fifth protection film, 
which pair being interposed between said 
fourth protection layer and said reflection layer; 

wherein said first third, fourth and sixth 
protection films being made of a mixture of 
ZnS and S1O2 and said second or fifth protec- 
tion film is made from a material having a 
larger thermal conductivity than those of said 
first, third, fourth and sixth protection films. 

2. The optical record medium according to Claim 
1 , wherein the material of said second or fifth 
protection films having the larger thermal con- 
ductivity made from at least one from S1O2. 
AlN, AbO a , SiafV SiC and TaaOte. 

3. The optical record medium according to Claim 
1, wherein the thickness of said second or fifth 
protection film is selected between 30 and 50 
nm. 

4. The optical record medium according to Claim 
1 , wherein the total sum of the thicknesses of 
said first, second and third protection films is 
selected between 105 and 130 nm. 

5. The optical record medium according to Claim 
1, wherein the thicknes ses of said third and 
fourth protection films are selected between 2 
and 1 0 nm. 

6. The optical record medium according to Claim 
1, wherein the total sum of the thicknesses of 
said fourth, fifth and sixth protection films is 
selected between 150 and 250 nm. 

7. The optical record medium according to Claim 
1 . wherein a ratio of SiOz against ZnS in said 
first, third, fourth and sixth protection films Is 5 
to40mol%. 

a The optical record medium according to Claim 
1, wherein said record tarn is made of a ma- 
terial which can transform reversibly between 
the crystalline state and the amorphous state. 

9l Trie optical record medium according to Claim 
1, wherein said record film is made of a ma- 
terial including Te, Ge and Sb- 

10. The optical record medum according to Claim 
9, wherein the thickness of said record film Is 
selected between 30 and 60 nm. 
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11. The optical record medium according to Qaim 
9. wherein the composition erf said record film 
has a following value of "g" which denotes the 
mol ratio of GeTe/SbaTes: 

1.0*9*2.5. 

and e following value of "b" which denotes the 
mol ratio of Sb/StfcTea: 

0.0 * b * 0.5. 

12. An optical record medium comprising: 

a first protection film applied to a surface 
of a transparent substrate; 

a second protection film applied to said 
first protection film; 

a third protection film applied to said sec- 
ond protection film; 

a record film applied to said third protec- 
tion film, which record film being able to trans- 
form from the amorphous state to the cry- 
stalline phase with radiation; 

a fourth protection film applied to said 
record film; 

a fifth protection film applied to said fourth 
protection film; 

a sixth protection film applied to said fifth 
protection film; and 

a reflection layer applied to said sixth pro- 
tection film; 

wherein said first third, fourth and sixth 
protection films being made of a mixture of 
ZnS and Si02 and said second and fifth pro- 
tection films are made from a material having a 
larger thermal conductivity than said first, third, 
fourth and sixth protection films. 

13. The optical record medium according to Qaim 
12, wherein the material of said second and 
fifth protection layers having the larger thermal 
conductivity Is made from at least one from 
SiO*. AIN, AfeOa, StsNi, SIC and TfeOs. 

14. The optical record medium according to Claim 
12, wherein the thicknesses of said second 
and fifth protection films are selected between 
30 and 50 nm. 

16. The optical record medium according to Claim 
12, wherein the total sum of the thicknesses of 
said first second and third protection films Is 
selected between 105 and 130 nm. 

16. The optical record medium according to Claim 
12, wherein the total sum of the thicknesses of 
said fourth, fifth and sixth protection tarns is 
selected between 150 and 260 nm. 



17. The optical record medium according to Claim 
12, wherein said record film is made of a 
material which can transform reverstbty be- 
tween the crystalline state and the amorphous 
state. 
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